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SPECIFICATION 

L Title of the Invention 

Exhaust Gas Cleaning Catalyst 

2. Claims 

An exhaust gas cleaning catalyst, characterized by comprising a zeolite that has 
been ion-exchanged with one or more metals selected from Pt, Pd, Rh, Ir, and Ru. 

3. Detailed Description of the Invention 

Field of Industrial Utilization 

The present invention relates to an exhaust gas cleaning catalyst for automobiles, 
and more particularly to a catalyst capable of efficiently removing NO* from oxygen-rich 
environments with lean air-fuel ratios. 

Prior Art 

Catalysts designed to reduce oxides of nitrogen (NOx) while oxidizing carbon 
monoxide (CO) and hydrocarbons (HC) are commonly used as exhaust gas cleaning 
catalysts for automobiles. Most of these catalysts are obtained by adding Pd, Pt, Rh, and 
other noble metals to an alumina coating layer on a refractory carrier, and optionally 
adding rare-earth metals (Ce, La, and the like) or oxides of base metals (such as Ni) as 
cocatalyst components, as described, for example, in JP (Kokoku) 58-20307. 

The cleaning characteristics of such catalysts depend to a large extent on the air- 
fuel ratio setting of the engine, so when a lean mixture (that is, a high air-fuel ratio) is 
involved, the amount of oxygen (O2) increases following combustion, promoting 
oxidation and inhibiting reduction. Conversely, a rich mixture with a low air-fuel ratio 
inhibits oxidation and promotes reduction. A catalyst operates at its optimum level near 
the theoretical air-fuel ratio (A/F = 14.6) with balanced oxidation and reduction. 
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Consequently, automobiles equipped with exhaust gas cleaning devices that have 
catalysts are operated such that the oxygen concentration of the exhaust system is sensed, 
and feedback control is implemented in order to keep the air-fuel mixture close to the 
ideal air-fuel ratio. 

Problems Which the Invention is Intended to Solve 

It is also known that automobiles are required to have adequate fuel economy, so 
an air-fuel mixture containing maximum excess oxygen should be combusted during 
normal travel. A drawback to this approach is that the air-fuel ratio produces a lean 
environment containing excess oxygen, and although HC and CO (which are the noxious 
components of exhaust gas) can still be removed by oxidation, NO* cannot be removed 
by reduction because the O2 adsorbed on the catalyst bed inhibits contact with the active 
metal. For this reason, it has been impossible in the past to use lean air-fuel mixtures in 
automobiles designed for thorough cleaning of exhaust gas with catalysts. 

The present invention, which was devised in order to address these problems, is 
aimed at providing an exhaust gas cleaning catalyst capable of removing NO x by 
reduction in the lean region and of adequately removing all the noxious components 
across a wide range, from the theoretical air-fuel ratio to the lean region. 

Means Used to Solve the Aforementioned Problems 

The exhaust gas cleaning catalyst of the present invention is characterized by 
comprising a zeolite that has been ion-exchanged with one or more metals selected from 
Pt, Pd, Rh, Ir, and Ru. 

The proposed catalyst should be a zeolite in which the inherent cations (for 
example, Na + and K*) commonly constituting a zeolite are replaced with one or more of 
the following; Pt, Pd, Rh, Ir, and Ru. The catalyst may be used in the form of original 
pellets or may be applied as a coating to a monolithic carrier. Other metals may also be 
introduced by ion exchange or deposition. 
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As is well known, zeolites are crystalline aluminosilicates expressed by the 
general formula 

xMz/n • A1 2 0 3 - ySi0 2 . 

Depending on M (n-valent metal), x, and y, different tunnel structures (pore diameters) 
can be obtained in the crystal structure, and various types of zeolites are commercially 
available. A zeolite with a pore diameter of about 5-10 A, which is slighdy greater than 
the diameter of NO x molecules, should preferably be used as the catalyst of the present 
invention, 

The proposed catalyst may, for example, be produced by a method in which a 
synthetic zeolite treated and ion-exchanged with an ionic solution of the aforementioned 
metals is blended with a binder composed of alumina sol and silica sol, and the resulting 
slurry is baked after being applied to a carrier by wash coating. Alternatively, the 
synthetic zeolite may be ion-exchanged after being wash-coated. 

Operation of the Invention 

Zeolites, also called molecular sieves, have pores on the order of several 
angstroms, which is comparable to the size of a molecule. For this reason, NO* can be 
selectively retained in the pores, Since the pores contain active sites created by the 
introduction of metals by ion exchange, the NO x are adsorbed and reacted on the sites. 

Working Examples 

The present invention will now be described in further detail through working 
examples. 

Working Example 1 
(a) Slurry Preparation 

A zeolite powder (Si/Al ratio: 30; maximum pore diameter: 5.4 A) and water were 
added in amounts of 100 and 60 parts, respectively, to 60 parts of a binder mixture 
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composed of silica sol and alumina sol and obtained by mixing the two components in an 
SL/A1 ratio of 30, The product was thoroughly agitated and adjusted to a pH of to 3-6 
with an aluminum nitrate solution, yielding a slurry for wash coating. 

(b) Coating 

A cordierite monolithic honeycombed carrier was immersed in water, excess 
water was blown off, the carrier was immersed in the slurry prepared in (a) above, excess 
slurry was blown off after the carrier was taken out, and the coated carrier was dried first 
at 80°C for 20 minutes and then at 250°C for 1 hour. The coating amount was 100 g per 
liter of carrier. 

(c) Pt, Rh Ion-exchange 

The coated product was immersed in a dinitrodiaimne-platinum solution and 
allowed to stand for 24 hours, whereby Pt was ion-exchanged in an amount of 1.0 g per 
liter of carrier. Excess deposited water was then blown off, and the product was dried for 
1 hour at 25Q°C, immersed in a rhodium chloride solution, and allowed to stand there for 
24 hours. Rh was ion-exchanged in an amount of 0.2 g per liter of carrier, excess water 
was blown off, and the product was dried for 20 minutes at 80°C, yielding exhaust gas 
cleaning catalyst A> 

Working Example 2 

Exhaust gas cleaning catalyst B was obtained by the same method as in Working 
Example 1 except that a mordenite with a maximum pore diameter of 6.7 A was used as 
the zeolite. 

Working Example 3 

The coated material obtained in (b) of Working Example 1 was immersed in a 
palladium nitrate solution and allowed to stand there for 24 hours, whereby Pd was ion- 
exchanged in an amount of 1.0 g per liter of carrier. Excess deposited water was then 
blown off, and the material was dried for 1 hour at 250°C, immersed in a rhodium 
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chloride solution, and allowed to stand there for 24 hours, whereby Rh was ion- 
exchanged in an amount of 0.2 g per liter of carrier. Excess deposited water was blown 
off, and the product was then dried for 20 minutes at 80°C, yielding exhaust gas cleaning 
catalyst C. 

Working Example 4 

The coated material obtained in (b) of Working Example 1 was immersed in a 
ruthenium chloride solution and allowed to stand there for 24 hours, whereby Ru was ion- 
exchanged in an amount of 1.2 g per liter of carrier. Excess deposited water was blown 
off, and the product was then dried for 20 minutes at 80°C, yielding exhaust gas cleaning 
catalyst D. 

Working Example 5 

Exhaust gas cleaning catalyst E was obtained in the same manner as in Working 
Example 4 except that iridium chloride was used instead of the ruthenium chloride used 
in Working Example 4, 

Comparative Example 1 

(a) Slurry Preparation 

Alumina sol (70 parts; alumina content: 10%), a 40-wt% aqueous solution of 
aluminum nitrate (15 parts), and water (30 parts) were added under agitation to 100 pans 
of alumina powder, yielding a coating slurry. 

(b) Coating and Baking 

The carrier was coated with the slurry and dried in the same manner as in (b) of 
Working Example 1. The coated carrier was immersed in a cerium nitrate solution, Ce 
was deposited in an amount of 0.2 mol per liter of carrier, and the product was baked for 
1 hour at 700°C. 
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(c) Deposition of Noble Metals 

The resulting baked product was immersed in a dinitrodiamine-platinum solution 
and impregnated/coated with Pt in an amount of 1.0 g per liter of carrier. Excess 
deposited water was blown off, and the product was then dried for 1 hour at 250°C The 
dried product was immersed in a rhodium chloride solution, impregnated/coated with Rh 
in an amount of 0.2 g per liter of carrier, and dried for 20 minutes at 80°C, yielding 
exhaust gas cleaning catalyst F. 

Comparative Example 2 

The baked product obtained in (b) of Comparative Example 1 was immersed in a 
palladium nitrate solution and impregnated/coated with Pd in an amount of 1.0 g per liter 
of carrier. Excess deposited water was blown off, and the product was dried for 1 hour at 
250°C. The dried product was immersed in a rhodium chloride solution, 
impregnated/coated with Rh in an amount of 0.2 g per liter of carrier, and dried for 
20 minutes at 80°C after the deposited water had been blown off, yielding catalyst G> 

Comparative Example 3 

The baked product obtained in (b) of Comparative Example 1 was immersed in a 
ruthenium chloride solution and impregnated/coated with Ru in an amount of 1.2 g per 
liter of carrier. Excess water was blown off, and the product was dried for 20 minutes at 
80°C, yielding catalyst H. 

Comparative Example 4 

The procedures were performed in the same manner as in Comparative Example 3 
except that an iridium chloride solution was used instead of the ruthenium chloride 
solution used in Comparative Example 3, yielding catalyst I. 
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Test Examples 

The catalysts A-I pertaining to the working and comparative examples were 
tested for extended cleaning performance. 

Id these tests, catalysts A-I were exposed to an exhaust gas for 50 hours at an air- 
fuel ratio (A/F) of 20, a space velocity (S V) of 60,000 hr" 1 , and a catalyst bed temperature 
of 700°C, after which the following operations were performed, 

(1) The cleaning ratios of HC, CO, and NO* were measured at an inlet gas 
temperature of 600°C and an A/F of 18, and 

(2) The scatter ratios of noble metals were measured by a quantitative analysis of 
the catalysts. 

The results are shown in Tables 1 and 2. 



Table 1. Cleaning ratios ax A/F = ] 8 





Noble metal 


HC 


CO 


NO, 


A (Working Example 1) 


PtRh 


SI 


84 


58 


B (Working Example 2) 


T 


77 


82 


51 


C (Working Example 3) 


Pd Rb 


83 


79 


53 


D (Working Example 4) 


Ru 


72 


74 


60 


E (Working Example 5) 


It 


70 


75 


53 


F (Comparative Example I) 


PtRh 


77 


84 


3 


G (Comparative Example 2) 


Pd Rh 


SO 


81 


3 


H (Comparative Example 3) 


Ru 


73 


72 


5 


I (Comparative Example 4) 


Ir 


73 


72 


0 
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Table 2. Scalier ratio3 of noble metals (%) 





Pi 


Pd 


Rh 


Ri» 


Ir 


A (Working Example 1) 


2.1 





4.6 





— 


B (Working Example 2) 


2.0 





4.6 


— 


— 


C (Working Example 3) 




1.3 


4.9 






D (Working Example 4) 








5.9 




E (Working Example 5) 










5.3 


F (Comparative Example 1) 


3.0 




9.7 






G (Comparative Example 2) 




2.0 


9.2 






H (Comparative Example 3) 








22.2 




I (Comparative Example 4) 










18.5 



Merits of the Invention 



The exhaust gas cleaning catalyst of the present invention is obtained by coating a 
carrier with a zeolite. The zeolite is ion-exchanged with metals having catalyst 
capabilities and is provided with optimal pores for receiving NO x molecules. It is thus 
possible to provide a cleaning catalyst with which NO K can be selectively adsorbed and 
reacted on active metal sites in the pores even in a lean environment. 

Consequently, using the exhaust gas cleaning catalyst of the present invention 
prevents NO x from escaping into the atmosphere even when the automobile is driven 
using a lean mixture, making it possible to increase the air-fuel ratio setting of the engine 
and to improve the fuel economy of the automobile. 

Another merit is that the removal ratio is improved not only for NO x but also for 
HC because the noble meals are finely dispersed by ion exchange throughout the zeolite. 

Yet another merit is that the noble metals are introduced into the zeolite by ion 
exchange, and are thus less likely to scatter in the air (this is particularly true for Ru and 
Ir). As a result, a more durable catalyst is produced. 
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